The mapping of field lines by the Tsyganenko 1987 model suggests that the footpoints of field lines from the plasma sheet lie along the auroral oval: midnight maps to midnight in the oval, and as one progresses towards the flanks of the tail the footpoints advance towards the cusps. The oval also matches or parallels regions of Birkeland currents, the major electrodynamic link between the magnetosphere and the ionosphere. Region 2 currents are due to the interaction of the electric field E and trapped plasma, and are fairly well understood, but the primary system is that of region 1 and its theory is still incomplete. Near noon region 1 currents may extend to the solar wind or to boundary layers adjoining the magnetopause, but at night they map to the plasma sheet. A simple mechanism accounts for the latter currents: if the sheet contains a dawn-to-dusk E, it will try to impose its potentials on the ionosphere, a process which requires currents. The removal of such currents from the tail, however, must leave charge neutrality intact, and must also satisfy the Vasyliunas equation. The latter requires the pressure p2 in the midnight sector of the plasma sheet to be less than the pressurep l near the flanks. A mechanism for establishing such a pressure profile is discussed, but the problem is essentially still unsolved.
argue that most of those field lines connect to the solar wind so far from Earth, and contain so little plasma, that the coupling which they produce is very weak. In contrast, the patch poleward of the cusp, marked with near-horizontal lines, contains open field lines making their exit within 40 RE of Earth, on which the coupling is relatively strong. The lines drawn here are footpoints of lines that cross the (pre-opening) boundary at x=-5, -10, ..., -40 RE.
Birkeland Currents
That region within 40 RE of Earth may be viewed as the main coupling region, and the coupling is expressed by the Birkeland current j and the electric field E. Of course the two are related, because the ionosphere is a resistive conductor-one cannot impose on it E without drawing a current, and vice versa.
The field E poses problems which deserve separate discussion: here it will just be assumed that it exists and that it is directed from dawn to dusk across the plasma sheet. The presence of E can be explained by the existence of "open" field lines, itself suggested by the strong correlation of magnetospheric activity on interplanetary BZ. In an open magnetosphere a bundle of magnetic field lines extends from each polar cap into the solar wind, separating interplanetary lines adjacent to the tail's dawn flank from those brushing against the dusk flank. Since an electric field of about 10kV/RE (viewed from the frame of the Earth) exists in the solar wind, a voltage (depending on the width of the bundle) is also expected to exist between the flanks of the tail. It equals the voltage conveyed by the open lines to the polar cap, which has been observed by Injun 5, OGO 6, AE, DE, S3-2 and other polar spacecraft.
In addition to the above source, there also seems to exist a "baseline" E independent of the IMF (REIFF et al., 1981) . It is probably caused by viscous-like forces near the boundary. Figure 2 is the well known "snake diagram" of IIJIMA and POTEMRA (1976b) , and Fig. 3 gives the observed distribution of Birkeland currents against magnetic local time (IIJIMA and POTEMRA,1976a) . It may be noted that the region 1 currents are largest on the dayside, around 1500 and 700UT, and comparison with Fig. 1 suggests that their strongest sources are located inside the magnetosphere, maybe 3RE from the flanks of the tail. But in addition to those peaks, there also exists a constant background current extending around the clock, at about half the height of the peaks. Region 2 is quite different, it peaks on the night side and dwindles on the day side.
Region 2
A theory for Region 2 currents was first offered by SCHIELD et al. (1969) 
and hence
Vasyliunas now noted that Birkeland currents were all carried by electrons (auroral electrons, for the upgoing current!), and this separated the last equation into two equations: (1991)) from the mantle, which such lines must cross on their way out. A low-latitude-boundary-layer dynamo proposed by SONNERUP (1980) may also contribute, but it should be noted that all currents which originate close to the magnetopause reach the ionosphere close to the cusp. However the theta-shaped circuit of the cross-tail current also crosses those open lines and taps the same potential, and that should create a dawn-to-dusk electric field across the tail.
The closed field lines which thread the plasma sheet will then try to transmit their electric potentials to the ionosphere. Such transmission however requires the flow of currents, for the ionosphere is a conductor and no potentials can be imposed on a conductor without drawing a current. The polarities of such currents fit those of region 1.
In interpreting Fig. 3 it was suggested that two components of region 1 may exist in the histogram of IIJIMA and POTEMRA (1976a) shown in Fig. 3 -the peaks located some 3 hours from noon, and the continuum extending across the night side. One could speculate that the peaks represent the direct connection and the continuum comes from the plasma sheet, fitting the regions 1 A and 1 B proposed by FRIIS-CHRISTENSEN and LAS SEN (1991) . It should however be noted that the peaks are still well inside the boundary: if this identification holds, something in our mapping might need revision.
Problems with Region 1
But now the problem is the reverse of that of region 2 currents: the global electric circuit is easily guessed, but it is hard to see how electric neutrality is maintained, at least by currents coming from the plasma sheet. Currents linked to the solar wind or boundary layer have no such problem, because their circuit is closed by polarization currents, proportional to dE/dt. This not only assures charge neutrality but also taps the kinetic energy of the flowing plasma, because as E decreases the plasma slows down.
But for currents on the night side, which presumably come from the plasma sheet, charge neutrality is harder to satisfy. One process which may help is non-adiabatic acceleration across the plasma sheet. In a neutral sheet geometry with BZ=0 (SONNERUP, 1971), ions are accelerated towards dusk and their density therefore decreases with increasingy, creating a need for a neutralizing current from the ionosphere. This mechanism was in fact proposed for the substorm wedge current which has region 1 polarity (STERN, 1990) .
In the near-Earth plasma sheet BZ is rather large, but there remains a chance that nonadiabatic trajectories (LYONS and SPEISER, 1985; BUCHNER and ZELENYI, 1989; NORTON et al., 1991) produce enough direct acceleration to have the same effect as the "meandering orbits" used by SONNERUP (1971) in the limit BZ=0.
Currents from the plasma sheet boundary layer arise at greater distances, in regions where BZ is weak and where nonadiabatic motion is more likely. Could it be that the entire region 1 current comes from the plasma sheet boundary layer (PSBL)? The PSBL is relatively thin, but its ionospheric footprint is enhanced compared to that of the central plasma sheet (CPS), because it contains a stronger field.
It turns out that the total flux is still not enough. Taking a thickness of 1 RE for the layer and a field of 15nT, one finds that the available magnetic flux covers about 1/2 degree of latitude in the auroral oval, far less that the region 1 system, whose width is 2-3 degrees. But the PSBL is probably an important source.
Pressure Distribution
When the origin of region 1 currents from the plasma sheet is analyzed from the standpoint of the Vasyliunas equation, it appears that the pressure at the middle of the tail, near midnight, must be less than the pressure near the flanks at the same value of x. Suppose for instance that as in Fig. 7 a low pressure channel exists in the middle of the tail, near the midnight meridian. In the Vasyliunas equation, the specific volume can be viewed as the length of the field line, weighted by 1/B. In the tail as x becomes more Fig. 7 
